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F985 1996 l a , 25-dihydroxy vitamin a
expression of Na exchanger.
opposing basolateral membrane. There, 
traded by the action of a basolateral PMC A and Na '/
of
Ca2i'-adenosinetriphosphatase (Ca2 1 -ATPase), and calbindin 
D28k was investigated in the rabbit distal nephron. Immunocy 
tochemical studies in rabbit kidney sections revealed colocal
Ca21 exchanger (NCX) (1). Little is known, 
how l,25(OHWDa influences each of these
steps leading to increased transcellular Ca21 reabsorp­
tion.
ization of the three Ca2* transport proteins in the majority of The aim of the present study is, therefore, to investi- 
cells in the distal nephron, including connecting tubules and gate  th e  effect of l,25(O H )2D3 on the e x p re ss io n  of 
cortical collecting ducts. Subsequently, rabbit connecting and calbindin-D 2Sk> PMC A, and NCX in the d is ta l  tu b u le  of 
cortical collecting tubule cells were immunodissected and rabbit kidney on both mRNA and protein levels. To this 
cultured on permeable supports. Immunocytochemical analy- end, we first demonstrated that these Ca2* transport-
of the cultured cells by confocal microscopy revealed that 
N a+/Ca2+ exchanger and Ca2+-ATPase were present at the 
basolateral membrane, whereas calbindin-Dggk was evenly
distributed throughout the cytosol. Concomitant with an 
increase in Ca21 transport, l,25(OH)2D3 increased calbindin- 
28k protein and RNA content two- to threefold, as deter-
By contrast, nei­
ther Na VCa24 exchanger nor Ca2 ‘ -ATPase RNA or protein 
content was noticeably altered. Our findings suggest that
ers, indeed, colocalize in the rabbit connecting tubule, 
and subsequently we utilized a primary culture of these 
Ca2+-transporter-containing cells to study the effect of 
l,25(OH)2D3 at the cellular level. In previous studies, 
this primary culture of immunodissected rabbit connect­
ing and cortical collecting tubule cells, 
ferred to as the  cortical collecting system,
re­
transport in epithelium, including hormone-responsive
system
i 2  'I
the gene expression of calbindin-D
la r  C a2 t reabsorption, high cytosolic ca lb in d in ~ D 28k 
levels, and benzamil-sensitive Na
18,19). Our results reinforce the idea that IjSStOH^Dr
reabsorption; cortical collecting
3 ; connecting tubule
stimulated Ca24 reabsorption results from
expression of calbindin-D28k> but not of PMC A or NCX,
in cultured rabbit cortical collecting system.
v i t a m i n  D p l a y s  A  p i v o t a l  r o l e  in calcium  hom eostasis
active metabolite, la,25-dihydroxy-
3
on bone, intestine, 
is involved in bone mineral-
38), although l,25(OH)2Da may also have an immediate 
nongenomic effect on intestinal Ca21 absorption (33, 
37). In the kidney, the hormone stimulates Ca21 reab-
which was attributed, at least in part, to
* 2 0 ) .
active Ca2t reabsorption in
primarily in < collecting
course of active t ra n sc e l lu la r  Ca2 t
enters the renal cell across the 
a diffusion-type process down
. The molecular nature
MATERIALS AND METHODS
NCX (C2C12) MAb was
s, CA).
tion of MAbs been described * r
Anti-calbindin-Dggk (0089) antiserum was generated by immu
y v* #
and full characterization of
y 28). Fluorescein isothiocyanate
rabbit -mouse antibodies were
Chemical (St. Louis, MO).
-ni* « i -
Drugs. Collagenase A, bovine serum a-globulin,
(fura
l,25(OH)2D 3
N etherlands).
. l,25(O H )2D:
m
C m
ti*) P  h  y  s  i 0 10  g i c  a  I S o c i  e t y
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in ethanol. Final vehicle concentrations never ex- din-D28k using digoxigenin-labeled riboprobes and chemilumi 
ceeded 0.1% (vol/vol). Results from experiments with vehicle nescent detection according to the manufacturer’s recommen
alone were never significantly different from the control. dations as previously described (36). The probes were derived
Immunohistochemistry. Kidneys, obtained from New Zea- from cloned polymerase chain reaction (PCR) amplification 
land White rabbits, were cut into pieces, placed in 1% (wt/vol) products as follows. The NCX probe was the previously
periodate-lysine-paraformaldehyde fixative (PLP) for 2 described 452-nucleotide-long ra t NCX1 clone (36). The PMCA
dehydrated, and embedded in paraffin. Sections were cut at a probe was a 611-nucleotide-long clone from rabbit, which
thickness of 5 pm. Sections were dewaxed, rehydrated, and corresponds to the ra t PMCAlb isoform, beginning at position
blocked with 0.5% (wt/vol) bovine serum albumin, 0.1% 3029 (GenBank Accession No. J03753). The calbindin-D2Sk
(wt/vol) gelatin, and 0.15% (wt/vol) glycine in tris(hydroxy- probe corresponded to a 560-nucleotide clone encompassing
methyDaminomethane (Tris)-buffered saline (TBS; 137 mM amino acids 19-205 from the coding region of mouse brain
NaCl and 20 mM Tris • HCl, pH 7.6) for 15 min and were, after calbindin-D2gk (GenBank Accession No. M21531). The rat
three washings with TBS, incubated with either R2G9 hybri- ß-actin probe consisted of a triple insert of a 189-nucleotide
doma supernatant, C2C12 (1:100), 5F10 (1:500), or 0089 fragment corresponding to amino acids 321-375 (GenBank
( 1:200) for 16 h a t  4°C. After thorough washing with TBS, the Accession No. J00691). The blots were washed at 65
sections were incubated with rabbit anti-mouse immunoglobu- 0 .1 X  SSCP for the rabbit PMCA probe, and in 0.5 X SSCP for
i n
(IgG) (1:100) for 60 min. For sections stained with the other probes, to allow for hybridization between differentlin
antiserum  0089 this last step was omitted. All sections were mammalian species [ IX  SSCP is (in mM) 120 NaCl 15
washed in TBS and incubated in the presence of 1% (vol/vol) sodium citrate, 13 KH2 P 0 4, and 1 EDTA, pH adjusted to 7.2]. 
of 10-nm gold-protein A in TBS for 30 min, as described The mRNA levels were quantified by computer-assisted densi- 
previously (29). After subsequent washing with TBS and tometry (summing the signal from all the observed bands)
distilled water, the immunostaining was amplified using using a flatbed scanner (Microtek), an Apple Macintosh
Intense kit (Amersham, Little Chalfont, UK). The sections computer, and the public domain program NIH-Image (devel-
were washed with distilled w ater and mounted with gelatin, oped at the National Institutes of Health and available on the
All controls, including sections treated with preimmune Internet at http://rsb.info.nih.gov/nih-image/). A Kodak step
serum or with conjugated antibodies only, were devoid of any tablet was used to calibrate the scanner, and only nonsat-
staining. urated films were used. Data from different lanes were
Primary cultures of rabbit kidney cortical collecting system, normalized either to the content of ß-actin or the ethidium
Rabbit kidney connecting tubule and cortical collecting duct bromide fluorescence.
cells were immunodissected from New Zealand White rabbits Western blots. For Western blot analysis of cultured cells,
0.5 kg) with MAb R2G9 and set in primary culture on filters were washed four times with PSS, excised, and trans-
permeable filter supports (0.33 cm2; Costar, Cambridge, MA), ferred into ice-cold solubilization buffer containing 25 mM
as described previously in detail (2). The culture medium was Tris (pH 7.5), 1% (wt/vol) Nonidet P-40, 2 mM EDTA, 10 mM
a 1:1 mixture of Dulbecco’s modified Eagle’s medium-Ham’s ethylene glycol-bis(ß-aminoethyl etherì-A^A^ATjAT-tetraace-
F-12 (DME-F12; GIBCO, Paisley, UK) supplemented with 5% tic acid (EGTA), 20 pM leupeptin, 2 pg/ml aprotinin, 20 pg/ml 
(vol/vol) decomplemented fetal calf serum (FCS), 50 pg/ml pepstatin A, and 1 mM phenylmethylsulfonyl fluoride. In
gentamicin, 10 pl/ml nonessential amino acids (GIBCO) parallel, freshly immunodissected cells were resuspended in
insulin, 5 pg/ml transferrin, 50 nM hydrocortisone, 70 this solubilization buffer. The extracts were centrifuged at
the
the
ments were performed with confluent monolayers between 5 Coomassie blue protein assay (Bio-Rad Laboratories, Mu 
and 8 days after seeding the cells.
ng/ml prostaglandin Ei, 50 nM N a 2SeOg, and 5 pM triiodothy- 800 g  for 5 min (4°C) to remove nuclei. An aliquot 
ronine, equilibrated with 5% C 0 2-95% air at 37°C. Experi- supernatant was used for protein determination
nich, Germany) with bovine serum a-globulin as a standard.
For Western blot analysis, proximal tubules were isolated The cell protein fractions (5 pg/lane) were subjected to sodium
rabbit kidney cortex by immunodissection with MAbs dodecyl sulfate-polyacrylamide gel electrophore on
85C8 and 101E12, as described previously (28). 12% polyacrylamide gels (4% stacking to
Con focal laser-scanning microscopy. Monolayers on perme- Laemmli (21) and electrophoretically transferred to nitr
able filter supports (Costar) were fixated in 1%» (wt/vol) PLP lulose membranes (0.45 pm; Schleicher & Schuell,
for 2 h. Subsequently, the filter supports were incubated with Germany) for 90 min at 250 mA using a Bio-Rad
10% (vol/vol) FCS in physiological salt solution (PSS) contain- apparatus (Hercules, CA) according to
ing (mM) 140 NaCl, 2 KC1, 1 K2H P 0 4, 1 KH2P 0 4, 1 MgCl2, 1 et al. (32). Nonspecific binding
CaCl2) 5 glucose, 5 L-alanine, and 10 N-2-hydroxyethylpipera- blocked with 5% (wt/vol) nonfat dry milk
zine-Af'-2-ethanesulfonic acid + Tris (pH 7.4) for 15 min and washed with TBS containing 0.3% (vol/vol )
incubated with antiserum  against one of the Ca21 transport four times between each of the next ine
*
: method of ' 
nitrocellulose was
m
m ,s were
¡V e n r p  q  ^ r n
■ ( i
(1:100) for 16 h at 4°C. The filters were rinsed were incubated overnight with C2C12, 5F10, or 0089
a n d
(1:4,000)
n wthoroughly and incubated with either FITC-conjugated goat 1:250, 1:3,000, and 1:10,000,
anti-mouse IgG (1:200) or FITC-conjugated goat anti-rabbit HRPO-conjugated goat anti-mouse
IgG (1:200) for 60 min at room temperature. Following this anti-mouse IgG (1:5,000) for 30 min. Antibodie
incubation, the filters were rinsed twice, mounted in Mowiol in TBS-T. Blots were developed with the enhanced chemilumi-
( Hoechst, Germany ) and visualized by confocal laser-scan- nescence (ECL) Western blotting detection kit of Amersham
ning microscopy (CLSM, model MRC-1000; Bio-Rad, Rich- (Buckinghamshire, UK) and exposed to Kodak X-Omat
mond, CA) using a Nikon Diaphot microscope (Tokyo, Japan). (Rochester, NY). All steps were carried out at room it . I *J y j m  -
Northern blots. RNA was isolated from cells according to ture. Quantitation of immunoreactive bands was determine
and Sacchi (12). Aliquots of total RNA (5 pg) by densitometry using a line scanner (Mirror 
were separated by 1.9%? (wt/vol) formaldehyde, 1% (wt/vol) MN) and an image-an 
agarose gel electrophoresis, transferred to nylon membranes image), and only nonsaturated films were use
I - , te p
j j d i n  
(NIH-
by capillary diffusion, and fixed by ultraviolet cross-linking. Measurement of the cytosolic free Ca iM f Corti-
These blots were then probed for the NCX, PMCA, or calbin- cal collecting system cells, grown i f t
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(0.33 cm2, Costar), were loaded with h e te ro g en e ity  am ong
2 in DME-F12 medium containing 10 jìM fura 2-AM
(wt/vol) Pluronic F-127, and (vol/vol) decomple
mented FCS for 60 min at 37°C. Subsequently, the monolayer 
was washed twice with PSS and transferred to a ther­
mostated (37°C) perfusion chamber placed on the stage of an 
inverted microscope (Nikon Diaphot). The apical and basolat­
eral compartments were perfused separately with PSS by 
means of a gravity-controlled superfusion system. Apical and 
basolateral flow rates were set at 1 and 5 ml/min, respec­
tively. Fluorescence measurements were performed with a 
long-working-distance objective (fluor X60, NA =
intensity.
Effect ofl,25(OH)2D;{ on Ca
sion in primary cultures.
transcellular Ca24 reabsorption
mal stimulation of Ca
0.7
Dynamic video imaging was carried out with the MagiCal 
hardware and TARDIS software provided by Joyce Loebl 
(Tyne & Wear, UK) as described previously (19). The fluores­
cence emission ratio at 492 nm after excitation at 340 nm and 
380 nm was monitored as measure
i
V
ratio was 6.4 s. The role of basolateral Na t was
Northern blot 
primary cultures
Equal amounts of RNA
studied using PSS in which NaCl was replaced isosmotically much
was present in
RESULTS
blots were hybridized 
region of NCX (rat NCX1),
Immunohistochemical localization of Ca2 + transport 
proteins in rabbit kidney cortex. Antibodies against
canine sarcolemmal NCX (C2C12), human erythrocyte and calbindin-Ü28k (mouse CABP28). As 
PMCA (5F10), chick intestinal calbindin-D28k (0089), reported in rabbit kidney cortex, the NCX1
and rabbit cortical collecting system (R2G9) were used recognized transcripts of and 14 kb and
kbto perform immunohistochemistry on serial sections of faintly 
rabbit kidney cortex. Immunohistochemical staining transcripts o f—5.5 and —7.5 kb
revealed colocalization of NCX, PMCA, and calbindin-
the PMCAlb probe hybridized
ï
D.
D.é*
at 2 kb and a stronger band at
The calbindin-D* RNA
8k in the same segments of the distal nephron (Fig.
A~C). The fact that staining was completely absent in a 
minority of the cells indicates that the immunopositive 0.5-fold (mean 
segments are connecting tubules or cortical collecting range 2.0- 
ducts. Immunopositive staining for the NCX was re- M, 48 h), whereas NCX i
>xfi A 'j
to the basolateral membrane of the distal affected [0.97
and
fM J M M f M i  i ‘M  i it *
PMCA was observed throughout the whole cell. In
addition, the cells lacking NCX, PMCA, or calbindin- as described above 
D28k represent a minority, which indicates that they are calbindin-D2ak»
primaryintercalated cells. Importantly, the antibody 
R2G9, which recognizes a cell surface antigen specific
primary % ? »
C a 2 1 proteins in rabbit cortical collecting 
were grown to confluence on perme­
able supports. Confocal immunofluorescence micros-
Q V Q t  A mV lit A Xi
70 i Wi 4 4
y some wasV-nfi'
•m i
m
immunoreactivity was distributed throughout the
entire cytosol (Fig. 2 0 .  Furthermore, there was a clear
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F ig .  1 . .A: anti-Na'/
Ca2+ exchanger monoclonal antibody (MAb) 02C12. B: anti-Ca2 t-ATPase MAb 5F10. C: anti-calbindin-Dagk
polyclonal antibody 0089. D: MAb R2G9. Bar =  50 jam. Immunostaining was abundantly present in distal nephron 1
mainly consisting of connecting tubules. Stars indicate cells of the distal tubule negative for Ca2 t transport 
proteins. Immunostaining was absent in glomeruli, proximal tubules, and loop of Henle.
data from other systems (5, 16). The bands associated band in cultured cortical collecting system cells. The
with the NCX and calbindin-D2ak were dramatically intensity of the PMCA and NCX bands, however, was
reduced upon culturing the cortical collecting system not affected by l,25(OH)2D3 treatment. The time course
cells, whereas PMCA remained unchanged. In freshly for the stimulatory effect of l,25(OH)2D3 (10 7 M) on
isolated proximal tubules no immunoreactivity associ- calbindin-D28ic synthesis was further investigated by
ated with calbindin-D28k and NCX was detectable, Western blot analysis, as shown in Fig. 5. Densitomet-
whereas the — 145-kDa polypeptide of the PMCA was rie measurements revealed that the calbindin-D; 28 k
clearly visible. l,25(OH)2D3 treatment (10 7 M, 48 h) density increased with time, with a maximal approxi- 
clearly increased the intensity of the calbindin-D28k mate twofold increase at 72 h.
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Functional demonstration o fN a +-Ca2+ exchanger in on basolateral Na+ concentration, since omitting Na 
primary cultures. Previously, we have provided evidence from the basolateral compartment resulted in an inhibi
for the operation of a NCX in the basolateral membrane tion by ~70%. In the present study, the role of NCX w as
of cells from the rabbit cortical collecting system in further evaluated by investigating its involvement in
primary culture (3). It was shown that transcellular regulation of [Ca2*]* in these primary cultures (Fig.
Ca2+ transport in these cultures is strongly dependent Complete replacement of basolateral Na+ with N-JL w  4/ X  JL J»
Na+/Ca2+ exchanger Ca2¡4* ATPase Calbindin-Dooi,
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ig\ 4. Effect of l,25(OH)2D3 on Ca2+ trans­
cells grown to confluence on
permeable supports. Western blot analysis 
homogenates (5 pg/lane) from freshly
rabbit proximal tubules (lane 1)
as well as rabbit cortical collecting
cultured in absence (lane 3) and
presence (lane 4) of l 525(OH)2D3 (10~7 M,
. Left: anti-Na+/Ca2+ exchanger MAb 
C2C12. Middle: anti-Ca2 ! -ATPase MAb 
5F10. Right: anti-calbindin-Ü28k polyclonal
. Data are representative of
3 independent experiments.
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methylglucamine resulted in a peak increase in [Ca2IHJ... calbindin-D28k> but not of PMCA or NCX, is upregulated
followed by a sustained elevation. Restoration of baso- by l,25(OH)2D3 in cultured cortical collecting system
lateral N a+ led to a prompt return to basal [Ca2+]i. The cells. This correlates with increased calbindin-D28k 
increase in [Ca2+]i was fully dependent on basolateral protein levels as measured with Western blot analysis 
[Ca21 ] and could not be mimicked with omission of Na+ and is in line with the concept that increased expres­
sion of calbindin-D28k is responsible for the observed
l,25(OH)2D3-induced increase in Ca2+ transport in 
these cells.
from the apical medium (data not shown).
DISCUSSIO N
The present study provides both molecular and struc­
tural evidence for the participation of calbindin-D28k, 
PMCA, and NCX in Ca2+ reabsorption in the rabbit
cortical collecting system. Moreover, the expression of
O a l  b i  n d  i ^ _ D 2 g k
3 24 48 72 1 2 0 hours
kDa
28
Distribution of Ca2+ transport proteins in kidney 
cortex.  With the use of immunocytochemistry per­
formed on rabbit kidney sections, we demonstrate for
the first time that calbindin-D28k, PMCA, and NCX
colocalize in the same segments of the distal nephron, 
including the connecting tubule and the initial portion 
of the cortical collecting duct. The cells lacking immu­
nopositive staining within these segments represent a 
minority, which indicates that they are likely interca­
lated cells. Calbindin-D28k was uniformly distributed
throughout the cytosol, which is in accordance with the 
physiological role assigned to this Ca2+ transport pro­
tein. has been postulated that calbindin-D¡ acts
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Fig. 6. Effect of basolateral Na ‘ on cytosolic free Ca21 concentration 
n calbindin- ([Ca21V) in rabbit cortical collecting system cells grown to confluence 
content in rabbit cortical collecting system cells grown to on permeable supports. NaCl in the basolateral superfusion medium
on permeable supports. A: Western blot analysis of
homogenates
in presence l,25(OH)2D3 (10 " V ' 7 A representative blot of 3 ments were superfused continuously, and measurements were per-
( xperiments is shown. B: densitometric analysis of the corresponding formed at 37°C. Temporal dynamics of (Ca211¡ were ani
Analysis is presented as arbitrary units (relative density. neously in 20 cells by microscopy
a are means
different from control (P
* (j w   ^(Y♦T!) • b*? X Fluorescence emission ratio at 492 nm (R340/380) is monitored as a
measure 1 % C1
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both as a cytosolic Ca2+ buffer and as a shuttle mecha- transport in the cortical collecting system by control- 
nism between the luminal influx and basolateral efflux ling solely the cytosolic concentration of calbindin-D28k- 
sites (15,18). In all positive cells, NCX was exclusively The mechanism by which calbindin-D28k stimulates
present in a layer along the basolateral membrane, transcellular Ca2+ transport is still not clear. Possibly
whereas PMCA was present throughout the whole cell. calbindin-D28k increases the diffusional flux of Ca2 by
These findings are in agreement with functional, immu- decreasing [Ca2+]¡ near the entry pathway, increases 
nocytochemical, and molecular biological studies docu- the cytosolic flow by acting as a diffusional carrier,
menting calbindin-D28k, PMCA, and NCX in the distal and/or increases efflux by feeding Ca2 ‘ to the basolat-
nephron of the mammalian kidney (4, 26, 27,
36). Previous studies had suggested that PMCA expres- direct stimulatory effect of calbindin~D<)k on PMCA 
sion was enriched in the distal convoluted tubule in rat activity has been reported (7, 34), the influence
and human kidney (5, 6). Our data, in rabbit, show that
PMCA is expressed predominantly together with NCX 
in nephron segments containing intercalated cells, 
which are, therefore, likely to represent the connecting 
segment. Therefore, all three proteins known to be 
involved in transcellular Ca24 reabsorption are ex­
pressed together in cells of the connecting tubule in 
rabbit. In this context it is important to add that the 
vitamin D receptor is localized most conspicuously in 
the distal nephron (23).
Subcellular distribution of Ca2 + transport proteins in
primary cultures. The majority of the Ca2+ transport
protein-positive cells also reacted with MAb R2G9. 
Previously, we have documented that R2G9 recognizes 
specifically a cell surface antigen shared by rabbit 
connecting and cortical collecting tubules (2). To estab­
lish primary cultures, these segments are routinely 
immunodissected with R2G9 and subsequently grown 
to confluence on permeable filters. With the use of 
confocal laser-scanning microscopy, we demonstrate 
that in cultured monolayers both NCX and PMCA are 
predominantly localized within the basolateral domain. 
In contrast to NCX, the latter protein is faintly, albeit 
definitely present in the cytosol. We are unsure of the
. It is
possible that this represents a selective enrichment of 
this transporter on the deep invaginations of the baso­
lateral membrane. Alternatively, PMCA may be pre­
sent in intracellular vesicles destined for delivery to the
basolateral membrane in a regulated manner. Finally,
calbindin-Dask is distributed throughout the cytosol.
This distinct distribution of the Ca21 transport proteins
situation and associated
i 2  Ia* transcellularly (4, 5, 8, 9, 26, 27, 36).
regulation of Ca2 * transport proteins
primary cultures. The concentration 
protein in the primary cultures of rabbit cortical collect­
ing system was significantly increased with time follow­
ing l,25(OH)2D3 treatment, with a maximal elevation 
apparent at 72 h. This increase is due to an effect of
calbindin-D28k was not investigated. However, we dem­
onstrated recently that calbindin-D28k at a concentra­
tion above 10 pM stimulates PMCA activity in an
of Ca21 to Ca21 -starved pump sites (31).
Molecular characterization of PMCA in primary cul­
tures. Previous studies have demonstrated that PMCA 
activity is present in all nephron segments, with high­
est activity in 
rates of transcellular Ca2  ■ f transport Moreover,
immunocytochemistry with MAb 5F10 directed against 
the human red cell membrane Ca21 pump revealed 
highest reactivity in rat distal nephron (5). Our data 
from rabbit confirm these observations, and addition­
ally show using Western blotting that immunoreactiv- 
ity associated with PMCA is also clearly manifested in 
freshly isolated proximal tubules, although at a much 
lower level than in distal tubules. These observations
that rabbit cortical collecting system cells 
express a PMCA immunologically similar to that of the 
proximal tubule. Furthermore, PMCAlb transcripts 
were definitely observed in the rabbit cortical collecting%? W#
not. Previously, PMCA1 
throughout the kidney and 
housekeeping pump function, whereas the PMCA2 
isoform was only detected in the distal convoluted 
tubule and in cortical thick ascending limbs (11, 24). 
Since it is absent from the cortical collecting system 
cells, our data indicate that PMCA2 is unlikely to have
a special role associated with transcellular Ca 
port. Instead, PMCAlb which is 
in these cells, takes part in 
conclusion was
9 4êsâ *
• the PMCA1
and kidney (22,
l,25(OH)2D3 on gene expression, since exposure to message was expressed in 
l,25(OH)2D3 for 48 h markedly increased the calbindin- primary cultures,
D28k niRNA levels. Yet to be determined is whether the immunoreactivity
increase is due to events at the transcriptional or 
posttranscriptional level or both. Interestingly, neither
PMCA nor NCX protein or mRNA levels were notice­
ably altered by exposure to l,25(OH)2D3. These results
abundance
upon
suggest that l,25(OH)2D3 augments transcellular Ca2
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talized aortic myocytes, without affecting PMCA ex­
pression. Thus it is possible that NCX protein is down- 
regulated in our cultured cells in response to specific 
additions to the culture medium such as FCS or 
glucocorticoids. Despite these negative findings, the 
following evidence clearly demonstrates the significant 
presence of NCX protein and activity in primary cul­
tures of rabbit cortical collecting system. First, a dose-
dependent relationship between basolateral Na4 concen-
found
4. Bindels, R. J. M., J. A. H. Timmermans, A. Hartog, W. Goers, 
and C. H. van Os. Calbindin-Dcw and parvalbumin are exclu­
sively located along basolateral membranes in rat distal neph­
ron. J. Am. Soc. Nephrol. 2:1122-1129,1991.
5. Borke, J. L., A. C aride, A. K. Verma, J. T. Penniston, and R. 
Kumar. Plasma membrane calcium pump and 28-kDa calcium 
binding protein in cells of rat kidney distal tubules. Am. J.
. 26): F842-F849,
1989.
tration and transcellular Ca2+ transport was 
previously (3). Since complete removal of basolateral
6. Borke, J. L., J. Minami, A. Verma, J. T. Penniston, and R. 
Kumar. Monoclonal antibodies to human erythrocyte membrane 
Ca21 -Mg2+ adenosine triphosphatase pump recognize an epitope 
in the basolateral membrane of human kidney distal tubule cells.
Na+ inhibited Ca2+ transport by ~70%, a major contri- J. Clin. Invest 80:1225-1231,1987.
b u tio n o fth e  basolateral NCX to  overall C a2+ tran sp ort 7- Bouhtìauy, I., D. Lajeunesse, S. Christakos, and M. G.
w k  m *  AMif i « k á  *  V* m a «  t *  m  o *  m  < «  A
was postulated. Second, [Ca21 ]¡ rose upon removal of 
Na+ from the basolateral medium, and this increase
O ; *_i iwas abolished in the absence of basolateral Ca 
study). Thus NCX contributes to the regulation of 
[Ca2+]i in the monolayers. Third, confocal fluorescence 
microscopy revealed profound, albeit selective, NCX 
associated immunoreactivity in the lateral domain of 
the cultured cells (this study).
Previously, Dominguez et al. (13) have presented 
functional and structural evidence for the presence of 
NCX activity in the rat proximal tubule. Others, how­
ever, have failed to demonstrate the exchanger by 
immunocytochemistry in the proximal tubule of canine 
and rabbit kidney (9, 27). Furthermore, Yu et al. (36), 
using a very sensitive microdissected tubule PCR analy­
sis, could only detect NCX1 in one out of eight analyzed 
rat proximal tubules. Likewise, we could not confirm 
the presence of NCX in the rabbit proximal tubule by 
immunocytochemistry or Western blotting. Taken to­
gether, these significant discrepancies suggest that 
present, the number of antiporters in the proximal
Brunette. Vitamin-D;rdependent calcium binding proteins in­
crease calcium reabsorption by different mechanisms. I. Effect of
CaBP-28K. Kidney Int. 45: 461-468,1994,
8. Bourdeau, J. E., and K. Lau. Basolateral
Ca-Na in rabbit connecting tubules. J.
. 27): F1497-F1503,
1990.
tubule is much smaller than in the connecting tubule (9). 14. Doucet, A., and A. I. Katz
9. Bourdeau, J. E., A. N. Taylor, and A. M. Iacopino. Immunocy- 
tochemical localization of sodium-calcium exchanger in canine 
nephron. J. Am. Soc. Nephrol. 4:105—110,1993.
10. Cai, Q., J. S. Chandler, R. H. Wasserman, R. Kumar, and
J. T. Penniston. Vitamin-D and adaptation to dietary calcium 
and phosphate deficiencies increase intestinal plasma mem­
brane calcium pump gene expression. Proc. Natl. Acad. Sci. USA 
90:1345-1349,1993.
11. Carafoli, E. Calcium pump of the plasma membrane. Physiol.
Rev. 71:129-153,1991.
12. Chomczynski, P., and N. Sacchi. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal. Biochem. 162:156-159,1987.
13. Dominguez, J. H., M. Juhaszova, S. B. Kleiboeker, C. C.
Hale, and H. A. Feister. Na+-Ca2+ exchanger of rat proximal 
tubule: gene expression and subcellular localization. Am. J. 
Physiol. 263 {Renal Fluid Electrolyte Physiol. 32): F945-F950, 
1992.
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